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OVERLAPPING PRINTHEAD MODULE ARRAY CONFIGURATION 

Field of the Invention. 

Hie invention relates broadly to digital Inkjet printers and in particular to digital 
5 Inkjet printers configured to print the entire width of a page simultaneously. 
Co-Pending Applications. 

Various metiiods, systems and apparatus relating to the present invention 
are disclosed in the foUowijnig co-pending applications filed by the applicant or assignee 
of the present invention on 24 May 2000: 

10 PCT/AUOO/00578 PCr/AUOO/00579 PCT/AUOO/00581 PCT/AUOO/00580 

PCT/AUOO/00582 PCT/AUOO/00587 PCT/AUbO/00588 PCT/AUOO/00589 

PCT/AUOO/00583 PCT/AUOO/00593 PCT/AUOO/00590 PCT/AUOO/00591 

PCT/AUOO/00592 PCr/AUOO/00584 PCT/AU00/00585 PCT/AUbO/00586 

PCT/AU00/00594 PCT/AUOO/00595 PCT/AUOO/00596 PCT/AUOO/00597 

15 PCT/AUOO/00598 PCT/AUOO/00516 PCT/AUOO/00517 PCT/AUOO/00511 

The disclosures of these co-pending applications are incorporated herein by cross- 
reference. Also incorporated by cross-reference, is the disclosure of a co-filed PCT 
•application, PCT/AUOl/00217 (deriving priority ficom Australian Provisional Patent 
20 Application No. PQ5957). 

Background of the Invention. 

Traditionally, Inkjet printers have used a printing head that traverses back and forth 
across the width of a page as it prints. Recentiy, it has been possible to form printheads 
25 that extend the entire width of the page so that the printhead can remain stationary as the 
page is moved past it As pagewidth printheads do not move back and forth across the 
page, much higher printing speeds are possible. 

Pagewidth printheads are typically micro electro mechanical systems (MEMS) 
devices that are manufactured in a maimer similar to silicon compute chips. In tiiis 
30 process, the ink nozzles and ejector mechanisnois are formed in a series of etching and 
deposition procedures on silicon wafers. 
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P™lucepdn«ngcMp,rf.„fficien,^da. for p.g«„iah printing. A. . la^ pa« of 

5 are relatively ^ 

^«>^"»««l«inaeasedbecau«fl»cMp defect nae is al«,„d^ 
I««wffli,^,yoocurduri,gsmco„chipn.anu&«„„andso«fe^ 
alw.y,p«ent A smgle feu,. *iU ^d., „ «to p,g^<M> chip drfec«ve. .s i, fl„ 
-=e w,4 any silicon chip pHKiucaon. However. beca« 4c pag^^dft chip ia 

'toreguIarohips.d^eisahigherp^bahiH^fta.anyp.rScul.rpagewidmchipw^ 

««ave fl«»by raising 4e dclbc. r«e a. a Whole i.i co»p.d«,„ ,„ regplar .iBc^ 
production. ^ 

Toaddrea.4is.ttepagc„idttprinfte«,^t,fi^^^^^^^ 
!™«h««l ..^xtoles. a number Of adjace^ printtead modules penniU M 

pagewidftprinangwhiledlowtogamuchhigherufflizaaonofthesilicon wafer. Ihis 
*.w» d„ prinae«> cWp defec m.e because a fauh wili cause a ..Mvely smate 

Pn«l»«ichiptoberejec.ed.ad.er.hanafldlpagewidachip. Ilia in tan te«ste to 

lower production costs. 

Eachpdn*eadchipcamesanan^ofnozzl.swhichh«remech«ricalsm«=tees 
w.* sub-micro. fticb^. ^ ni. ftenna, bend .«ua«^ fl^ oan 

•>«»dly qe« ink droplets sized in the Hco litre Ot W^Iitie) lange. 

™»»i<«»«^>ic«»le<rfftesestn«m«scaus«,p^ 
ofpnt«he«ln>odu1es«d»endinotdertofo.map,ge„ida,p.ta^ Mic^e 

n^lNa««s on fl„ «Ki sutfeces of o«i dup prevent fl^ ft»n perfecay abutting the 
..™i«.ftcean«,«S«en.cbip. Ms cause, the spacing b«ween the e«i nozzles of two 
^ Pdnd^ad chip, to be dififetent fton. adjacent no^es on a single pithead chip. 
The gaps between adjacent printhead chips can lower the .«„Itant print quality 

Toelin^d>egaps.somemodularpagewid.hpriatheadsusetwoadjacentlines 
spaced printhead modules. Ibelinesa« out of register with each other and 
fte ends of a ptinthead module in one line ovetiaps wift the ends of twoadjacent 
modules m the otherline. ™s temoves the gaps ftom «,e resultant printing but also 
provides redundant nozz.es in the areas of overiap. Tie print data to the overiappin. 
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nozzles is allocated between the adjacent chips so that these areas are not printed twice 
which would otherwise have adverse affects on the print quality. 

A digital controller is connected to each Qf the printhead module chips via a TAB 
(tape automated bond) fihn. The TAB film is substantially the same width as the chip 
5 and this causes difficulties when mounting the chips to a siqpport structure within the 
printer. It is preferable that the TAB films for each chip extend ftom the same side as 
this permits a more compact and elegant printhead design. However, this arrangement 
requires the TAB films from each of the chips in one of the lines to narrow or *neck* in 
order to fit pa§t the restriction caused by the overlapping ends of the adjacent chips in the 
10 other line. . Producing and installing TAB films that narrow down enough is complex and 
difficult. To avoid tiiis, the TAB films can extend from one side of the chips in one line 
and from the opposite side of the chips in the oth» line. However, as discussed above 
this gives the overall printhead greater bulk that can complicate the paper path through 
the printer as weU as hanq)er capping the pruitheads when the printer is not in use. 
IS Summary of the Invention. 

Accordingly, the present invention provides a modular printhead for a Inkjet 
• printer, the modular printhead including: 
a support firame; 

a plurality of pdnthead modules mounted to the support frame, each module 
20 having an elongate array of ink nozzles extending substantially lineariy across the width 
of the module such that there is overlap between the elongate arrays of adjacent modules 
with respect to the direction of paper movement; whereux, 

the modules are arranged such tiiat a first side of each of the nozzle arrays faces 
toward a first side of the support frame; such that, 
25 the respective first sides of predominantiy all of the nozzle arrays have at most 

one end portion obscured from the first side of the support frame by the nozzle array of 
an adjacent module. 

Preferably, the respective first sides of each of the nozzle arrays have at most one 
end portion obscured from the first side of die support frame by the nozzle array of an 
30 adjacent module. 

By inclining the printhead chips with respect to the support beam and configuring 
them to overlap with respect the to paper direction, die TAB films for each chip can 
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extend fiom the same side. This aUows the printhead design to remain relatively 
compact while avoiding the need to significantly narrow or 'neck' most if not all the 
TAB fihns. 

Preferably, the modules are mounted to the support fiame along a substantiaUy 

5 ^Sht mounting line such that each of the elongate a^ys extends in a direction 

mclmed to the mounting line of the modules, fi, a further prefened form, the mo^^^ 
line is normal to the paper direction. 

Preferably, the printhead is digitaUy contioUed such that print data sent to 
overlapping portions of adjacent modules is shared between the ink nozzies of the 

10 adjacent modules to avoid double printing of the same data. 

In a particularly preferred form, the digital controner starts to place prn^^^ 
wrth the nozzles in an adjacent module at the one edge of the overlapping portion and 
lamps up the data directed to the nozzles of the adjacent module stochasticaUy unm aU 
the prmt data is directed to Ae adjacent module at the opposing edge of the overlapping 
15 portion. ^ 

Preferably, the printhead is a pagewidth printhead. . 

hi a further prefen^ form, the printhead modules are adapted to be individu^^ . 

removed and replaced. To achieve this the printhead modules may be conveniently • 

adapted for snap-locking engagement with the support ftame. 
20 It will be appreciated that the adjacent positioning of a nmnber of small modular 

prmtheads permits full pagewidth printing while aHowing a much higher utilization of 

the silicon wafer. I^«more. the defect rate is effectively lower because a single fault 
. that a relatively smaUer printhead chip win be rejected rather than a large 

pagewidth printhead chip. Accordingly, the production costs per chip are significantly 
25 reduced. ^ 

By providingeach modular printhead with snap-lockfomiations. it is convenient to 
mdividually remove and replace defective modules. 
Brirf Description of the Drawings. 

A preferred embodiment of the present invention wiU now be described by way of 
JO «^Ple only with reference to the accompanying drawings in which: 

Hgure 1 schematically shows a series of printhead modules abutting end to end to 
form a pagewidfli printhead; 
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Figure 2 shows an enlarged view of the junction between two adjacent pnnthead 
modules shown in Figure 1; 

Rgure 3 schenfudically shows the piinthead modules configmed in an overlapping 
relationship with TAB films extending from both sides of tiie pnnthead chips; 
5 Figure 4 schemadcally shows the xxnnthead modules configured in an ov^lapping 

' relationship with TAB films extending from only one side of the printhead chips such 
Aat every second TAB film is narrowed; . 

Figure 5a schematically shows the piinthead modules configured in an overlapping 
relationship in accordance with the present invention; 
10 Figure 5b schematically shows an alternative configuration of the printhead 

. modules in an overlapping relationship in accordance with the present invention; 

Figure 5c schematically shows anotha: alternative configuration of the printhead 
* modules in an overlapping relationship in accordance with the present invention; 

Figure 5d schematically shows one more configuration of die printhead modules in 
15 an overlapping relationship in accordance witii the present invention; 

Figure 6 schematically shows a single printhead chip in relation to the paper path; 
Figure 7 schematically shows the overlap region between two adjacent modules; 
Figure 8 is a perspective view showing the underside of a modular pnnthead 
according to the present invention; 
20 Figure 9 shows a rear view of die modular piinthead at Hgure 8; 

Figure lOis a plan view of the modular printiiead shown in Figure 8; 
Figure 11 is a front view of the modular printhead shown in Hgure 8; 
Figure 12 is an underneath view of the modular printhead shown in Figure 8; 
Figure 13 is a left end view of the modular printhead shown in Figure 8; 
25 Figure 14 is a perspective view of the underside of a modular printhead with 

several of the printhead modules removed; 

Figure 15 shows an exploded perspective view of a printhead module; 
Figure 16 shows an underside view of a printhead module; 
Figure 17 shows an end view of a prindiead module; and 
30 Figure 18 shows a cross-sectional view of the modular printhead shown in Figure 

8. 

Detailed Description of the Preferred Embodiment. 
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Rrfnring to Hgans 1 to 4. prior «. a„ange„««s for mo<Mar pagswida, 
pmithead. are *„™. L> Hg™ 1, the prmthc^J chip. (3) of ™<Ue shown) 
.ream>pIyab«.ede«lto«d«:roatt„prin,fc«asapp<„b^(„^^^^^ As shown 
m enteged view of Hgpre 2. the Mc „ozd„ ^ ^ ^ ^ 

the chip. Howew, the rdaoscopic megnlariaes in ends of .he chips (3) are enou^ 

to titer a» nonnd spacing hen^en the nozzles such that fl>e end nozzles on adjacent 
daps ate tat«any,pac«i by a greater distance,,. IWs adversely affects the prim ontiity 
and can result in a blank line or void in die resuitaitt printing. 

Hgme 3 shows the printhead chips (3) an«^ to an oved^ configu ation to 
10 »™*="y gaps between the printing flxma^WnKKMes. The digital «^ 
*own) shates the print data anu,ngs. the overia^ «,zzles of th. ^^acent jdnthead 
chips so thai print data is not printed twice. lie TAB fitos (6) ten each dnp (3) 
«tend feom opposing «des of each adjacent dijp. to order to avoid havtag to nanow the 
TAB film (6) fc, ev«y second chip (3) as shown to Hgunr 4. However, wifl, the TAB 
15 **»-(«««tendtogfi™nbothsidesofthecMpanay,,h.prind,eadbecon,esn^^ 
whidiconiplicatestheprint«rdesign.andinparticnlarthepaperpath. 

Rrfcring to Hgures 5a to 5d, various suitable configmations of the chip array ate 
shown. To be suitable, the anay must aUow die TAB film to ea«idftoni4esan» Side 
of each chip with UtUe or no nanowmg required whifc matondnhig the c*ips to «, 
20 overiapptog lelarionship With resp^t «> fl» paper direction. IWs is adneved by • 

»suring that aie TAB flbi aide of ead. Chip is only obscuted at one end. if a. aU Pbr 
'""stralivepuiposcs. the obscTOd areas of the chips are shaded.. 

The «»nganent shown to Hg»e 5a o«a, flie best configutation to tenns of 
comp^t printhead design as weU as overan printer design. Tie printhead chips (3) ate 

25 --"^ »lativ. to aes.^ beam or at leas, flieltoe along which aie modules (2) are 
mounted. Tils allows the prindiead chips (3) to overbp with respect to the paper pafli 
whri. the TAB fflms (6) e«end ^m the same side of each chip widiou, hetog 
^gmficandynamiw^l Tl- support beam extends notmal tt, d» paper direcdon so that 
*e ^g occuts over a mtomial teig* of the paper patt so tha. the ovaaB 

30 dunensions of the printer are reduced. 

tovenaon Win now be described wi* parricular leference to the 
Applicant's MEMIBI™ technology, various asp^ts of which are described to detaU to 
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the cross referenced documents. It will be appreciated that MEMJET™ is only one 
embodiment of the invention and used here for tiie purposes of illustration only. It is not 
to be construed as restrictive or limiting in any way on the extent of the broad inventive 
concept 

5 A MEMJET™ printhead is composed of a number of identical printhead 

modules (2) described in greater detail below. Throughout the description and the cross 
references the array of ink ejecting nozzles on each module has been variously referr^ 
to as a 'printhead chip', 'chip' or 'segment'. However, from a fair reading of the whole 
' specification in the context of the cross references, the sMUed artisan w^ 
10 appreciate that these integers are essmtially the same. 

A MEMJET™ printhead is a drop-on-demand 1600 dpi inkjet printer that 
: produces bi-level dots in up to 6 colors to produce a printed page of a particular width. 
Since the printhead prints dots at 1600 dpi, each dot is approximately 22.5)jm in 
diameter, and the dots are spaced 15.875pm apart/Because the printuag is bi-k^^ . 
• 15 input image is typically dithered or error-diffiised for best results. 

Typically a MEMJET*^ printhead for a particular application is page- 
. . width. This enables the printhead to be stationary and allows the paper to move past the 
printhead. Hgure 8 illustrates a typical configuration. 21nam printhead modules are 
placed togetfier after manufacture to produce a printhead of tiie desired length (for 
20 exaixq)le 15 modules can be combined to form a 12-inch printhead), with overlap as 
. desired to allow for smooHi transitions between modules. The modules are joined 
together by being placed on an angle such that the printhead chips (3) ovedap each other, 
. as shown in Hgure 5. The exact angle will depend on the width of the MEMJET™ 
module and the amount of overlap desired, but the vertical height is in the order of 1mm, 
, 25 which equates to 64 dot lines at 1600 dpi. 

Each chip has two rows of nozzles for each color, an odd row and an even 
row. If both rows of cyan nozzles were to fire simultaneously, the ink fired would end 
up on different physical lines of the papen the odd dots would end up on one line, and 
the even dots would end up on anoUier. Likewise, the dots printed by the magenta 
30 nozzles would end up on a completely different set of two dot lines. The physical 
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distances between nozzles is therefore of critical inipottanc^ 

combination of colored inks fired by the diffaent nozzles ends up in the correct dot 

position on the page as the paper passes under the printhead. 

Thedistancebetweentworowsofthesamecoloris32|ttn,or2dotrows. 
5 TWsmeansfliatoddandevendotsoftiiesamecolorarepiintedtwodotrows^arLThe 
distance between rows of one color and the next color is USpan. or 8 dot lines apart If 
nozzle for one color's dot line are fired at time T. then nozzles for die corresponding 
dote in tile next color must be fired at time T + 8 dot-lines. We can generalize die 
relationships between corresponding nozzles from different rows by defining two 
10 variables: 

D, = distance between tiie same row of nozzles between two colors = 8 
D2 = distance between two rows of tiie same color in dot-lines = 2 

Both Di and D2 wiD always be integral numbers of dot rows. We can now 
say tiiat if die dot row of nozzles is row L, flien ro w 1 of color C is dot-line: 

15 L-(C-1)D, 

and row 2 of color C is dot-line: 

L-(C-lpi.D2 

The relationship between color planes for a given odd/even dot position 
in Table 1. for an example 6KX>lor prindiead. Note fliat if one of die 6 colors is fixative it 
20 should be printed first 

Table 1. Relationship between different rows of nozzles 



Color 


Sense 


dot line 


when 

D2=2,Di=8 


0 

(fixative) 


sven nozzle 


L 


L 




odd nozzle 


L-D2 


L-2 



wo 
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1 

fblaclci 


even nozzle 




L-8 




odd nozzle 


L - Di - D2 


L- 10 


2 


even nozzle 


L-2Di 


L-16 




odd Tifi7Tle 




L- 18 


3 


even nozzle 


L-3Di 


L-24 












even nozzle 


L-4Di 


L-32 




odd nozzle 


L-4D1-D2 


L-34 


5 

(in&ared) 


even nozzle 


L-5Di 


L-40 




odd nozzle 


L-5D1-D2 


L-42 



Each of the colored inks used in a printhead has different characteristics 
in teims of viscosity, heat profile etc. Firing pulses are therefore generated independently 
for each color. 

S In addition, although coated paper may be used for printing, fixative is 

required for high speed printing applications on plain paper. When fixative is used it 
should be printed before any of the other inks are printed to that dot position. In most 
cases, the fixative plane represents an OR of the data for that dot position, although it 
does depend on the ink characteristics. Ptinting fixative first also preconditions the paper 

10 so that the subsequent drops will spread to the right size. 

Figure 6 shows more detail of a single printhead chip (3) in the module 
array, considering only a single row of nozzles for a single color plane. Each of the 
printhead chips (3) can be configured to produce dots for multiple sets of lines. Ihe 
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leftmost d no^es (d depends on the angle that the modules is placed at) produce dots 
for line n. the next d nozzles produce dots for line n-1, and so on. 

I 

If a printhead chip (3) consists of 640 nozzles in a single row of odd or 
even nozzles (totalling 1280 nozzles of a single color) and the angle of pxinthead chips 

5 (3)placementproducesahd^tdifferenceof641ines(asshowninHgure5).then^^^ 
This means lhatthe module (2) prints lOdots on each of 64 sets of lines. Hthe first 
dotline was line L, then the last dotline would be dotline 1^3. 

Ascanbeseenbytheplacemfintofadjaccntmodules(2)inHguie7 the 
conespondingrow of nozzles in each modules produces dots for the same set of 64kes 

10 J»^tl»<>ri««taUyshifledThehorizontalshiftisanexactnumberofd^^ 

printheadchips(3).th«agivenprintcycleproducesdSdotsonthesameline If5=l5 
ftendSalSO. 



over 



Although each 21mm printhead chip (3) prints 1600 dpi W-level dots 
a different part of page to produce the final image, there is some overly between 
15 printhead chips (3). as showninHguie 11. C3iven a particular overlap distance each 

pnnthead chips (3)canbe considered to havealead-inarea,acentral area, andalead-out 
area. The leadK>ut of one chip (3) corresponds to the lead-in of the next The centra 
aiea of a chip (3) is that area that has no overlap at aU. Figure 1 1 iUustrates the three 
areas of a chip (3) by showing two overl^ping chips in terms of aligned print-lines 
20 Note that the lead-out area of chip S corresponds to the lead-in area of chip S+1. 

When producing data for the printhead, care must be taken when placmg 
dotdatamtonozzlescorrespondingtotheoverlapregion. both nozzles fire the same 
data, then twice as much ink will be placed onto the pages in overly areas. Instead, the 
dot data generator should start placing data into chip S at the start of the chip overlap 

25 ^g^onwhileremovingthedatafiomtheconespondingnozzlesinchipS+l.andramp 
stochasticaUy across the overlap area so that by the endof &e overly area, the data is all 
allocated to nozzles in chip S+1. 

In addition, a number of considerations must be made when wiring up a 

printhead. As the width of the printheadincreases. the number of modules (2) increases 
30 ^dthenumberofconnectionsalsoincreases.Eachchip(3)hasitsownZ>.com,e^^^^ 
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(C of them), as well as SrClk and other cormectioiis for loading and printing. 

When the number of chips is smaU it is reasonable to load aU the chips (3) 
simultaneously by using a common Srak line and placing C bits of data on each of the 
Dn inputs for the chips. In a 4-chip 4 color printer, the total number of bits to transfer to 
5 the printhead in a single 5rCZfe pulse is 16. However for a Netpage (see cross references) 
enabled (C=6) 12-inch printer, S=15, and it is unieascmable to have 90 data lines running 
from die print data goierator to the prinlfaead. 

histead, it is convenient to group a number of chip (3) together for loadmg 
purposes. Each group of chips (3) is small enough to be loaded simultaneously, and 
share a Srak. For example, a 12-inch printhead can have 2 chip groups, each chip group 

containing 8 chips (3). 48 £>n lines can be shared for both groups, wilh 2 5rC»lmes. 
one per chip group. 

As the nuinber of chip groups increases, the time taken to load the 
printhead increases. When there is only one group, 1280 load pulses are required (each 
piflse transfers C data bits). When thae are G groups, 1280G load pulses are required. 
The connection between the data generator and the printhead is at most 80 MHz. 

H G is the number of chip groups, and L is the largest number of chips in 
a group, the printhead requires jLCDb Imes and G SrClk lines. Regardless of G, only a 
single LSyncL line is required - it can be shared across all chips. 



20 



Since L chips in each chip group are loaded with a single SrClk pulse, any 
printing process must produce the data m the correct sequence for the printhead. As an 
example, when G=2 and I^, the first SrClhO pulse will transfer the Dn bits for the next 
print cycle's dot 0, 1280. 2560 and 3840. The first SrClU pulse wiU transfer the Dn bits 
for the next print cycle's dot 5120, 6400, 7680. and 8960. The second SrakO pulse will 
25 transfCT the Dn bits for the next print cycle's dot 1. 1281. 2561, and 3841. The second 
SrClkl pulse will transfer the Dn bits for the next print cycle's dot 5121. 6401. 7681 and 
8961. 



After 1280G SrClk pulses (1280 to each of SrakO and Srakl\ the entire 
been loaded into the printhead. and the common LSyncL pulse can be given at 
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As described above , the nozzles for a given chip (3) do not aU print out 
on the sanu. line. Withm each color there are nozzles on a given line, with the odd and 
even nozzles of the group separated by dot-hnes. There are D, lines between 
coaesponding nozzles of diffeent colors (D, and D. paiameters are further described m 
Section and Section ). The line differences must be taken mto account when loadmg 
data into the printhead. Considering only a single chip group. Table 2. shows the dots 
transferred to chip n of a printhead during the a number of pulses of the shared Srak. 



Table 2. Order of dots transferred to chip S in a modular printhead 



pulse 


Dot 


colorO line 


colorl line 


colore line 


0 


1280S* 


NT 


N-Di^ 


N-CDi 


1 


1280S+1 




N-D1-D2 


N-CDi-D2 


2 ' 


1280S+2 


N 


N-Di 


iSr-CD, 


3' 


1280S+3 


N-D2 


NT-Di-Dj 




2d* ' 


1280S+2d 


N-1 


N-D,-l 


N-CDi-1 


2A¥l 


1280S+2di- 


N-D2-I 




Nr-CDi-p2-l 



Andsoonfora]112805rCKpulsestotheparticularchipgroup. 

With regards to printing, we print IOC nozzles ftom each chip m the 
lowest speed printing mode, and 80C nozzles ftom each chip m the highest speed 
printing mode. 



S = chip ninnber 

D, = mjmter of lines between Ihe ncaztes of one color and the nes* 

D2 » mimber of Ones tolvyeen two rows of nozzles of the saine color (li^ 

d - number of nozzles printed on the same line by a given chip 
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Whae it is certainly posable to wii^ up chips in any way. ^ 
only considers the situation where aD chips fire sunultaneously. This is because the low- 

speedpnnting mode aUowslow-powerprintingfor small printheads (e.g. 2-inch and4. 
inch), and the contxoUer chip design assumes there is sufficient power available for the 
large prmt sizes (such as 8-18inches). It is a simple matter to alter the connections in 
the pnnthead to aUow grouping of firing should a particular ^plication require it 

When all chips are fired at the same time 1 OCS nozzles are fired in the 
low-speed printing mode and 80CS nozzles are fixed in the high-speed printing mode. 

A chip produces an analog line of feedback used to adjust the profile of 
the firing pulses. Since multiple chips are collected togetii« into a printhead, it is 

effective to share ti.e feedback lines asatri-state bus. With only one of ti^ecMpsplacmg 
tiie feedback information on flie feedback lines at a time. 

The printfiead is constiiicted ftom a number of chips as described m tiie 

previous sections. It assumes ti»t for dataloadingpurposes. ti.e chips have been grouped 
mto G chip groups, witi. I. chips in tiie largest chip group. It assumes ti,ere are C colors 
m die pnntiiead. Jt assmnes tiiat tiie firing mechanism for tiie printiiead is tiiat aU chips 
fire simultaneously, and only one chip at a time places feedback information on a 
common tri-state bus. Assuming all tiiese tilings. Table 3 liste tiie external comiections 
tiiat are available fiom a printhead: 



20 



Table 3. Printhead coimections 




Inputs to C shift registers of chips 0 to 1^1 



LSyncL 



A pulse on SrClk[N] (ShifiRegisteraock N) 
loads tiie current values fi»m Dn lines into 
tiie L chips in chip groiq> N. 



A pulse on LSyncL performs tiie parallel 
transfer ftom tiie shift registers to tiie internal 
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MozzleEnable bits and starts the printing of a 
line for all chips. 


bclk 


1 


Phase Locked Loop clock for generation of 
timing signals in printhead 


Eleset 


1 


Control reset 


SCL 


1 


serial clock for control 


SDA 


1 


serial data for control 


Sisnse 


1 


Analog sense output 


C3nd 


1 


Analog sense ground 


V- 

is 


Many, 
depending 
on the 
number of 
colors 


[Negative actuator supply 






Positive actuator supply 




Negative logic supply 


Vdd 


Positive logic supply 



Referring to Hgutes 8 to 18, the modular printhead has a metal chassis (1) whidi is 
fixedly mounted within a digital Inkjet printer (riot shown). Snap-locked to the metal 
chassis (1) ate a phirality of replaceable printhead modules (2). The modules (2) are 
5 sealed units with four separate ink channels that feed a printhead chip (3). As best seen 
in figure 7, each printhead module (2) is plugged into a reservoir mouldiiig (4) that 
stqyplies ink to the integrally moulded funnels (5). 

The ink reservoir (4) may itself be a modular conqwnent so tiie entire modular 
printhead is not necessarily limited to the width of a page but may extend to any 
10 arbitrarily chosra width. 

Referring to Figures 15 to 18, the printhead modules (2) each conqttise a printhead 
chip (3) bonded to a TAB film (6) accommodated and supported by a micro moulding 
(7). This is, in turn, adapted to mate with a cover moulding (8). The printhead chip (3) 
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is a MEMS (micro electro mechanical System) device. Typically, MEMJET"^ chips 
print cyan, magenta, yeUow and black (CMYK) ink. This provides color printing at an 
image resolution of 1600 dots per inch (DP© which is the accepted standard for 
photographic image quality. 

5 tl»ere is a defect in the chip it usually appears as a Ime or void in the printing. If 

the printhead woe to be fomied &om a single chip then the entire printhead would need 
replacement By modularising the printfaeads theie is less probabiHty that any particular 
printhead module will be defective. It will be appreciated that the replacement of single 
printhead modules and the gieater utiKsation of silicon wafers provide a significant 
10 saving in production and operating costs. 

The TAB fihn (6) has a slot to accommodate the MEMJET™ chip (3) and gold 
plated contact pads (9) that connect with the flex PCB (flexible printed circuit board) 

(10) and busbar (11) to get data and power respectively to the printhead. The busbars 

(11) are thin fingers of metal strip separated by an insulating strip. The busbar sub- 
15 assembly (11) is mounted on the underside of the side wafl ink reservoir (4). 

The flex PCB (10) is mounted to the angled side wall of the reservoir (4). It wr^s 
beneath tiie side wall of the reservoir (4) and up the external surfece carrying data to the 
MEMJET™ modules (2) via a 62 pm header (12). Side waU of the ink reservoir (4) is 
angled to correspond with the side of the cover moulding (8) so that when the printhead 
20 module (2) is snap-locked in place, the contacts (9) wipe against the coirespondmg 
contacts on the flex PCB to promote a lehable electrical connection. The angle also 
assists the easy removal of the modules (2). The flex PCB (11 ) is "sprung" by the 
action of a foam backing (13) mounted between, the wall and the underside of the contact 



area. 

25 



Rib details on the underside of the micro moulding (7) provide support for the 
TAB fihn (6) when they are bonded together. Tlie TAB fihn (6) forms the underside 
wall of the printhead module (2) as there is enough structural mtegrity between the pitch 
of the ribs to support a flexible fihn. The edges of the TAB fihn (6) are sealed on the 
underside of the walls of the cover moulding (8). The chip (3) is bonded onto 100 
30 micron wide ribs that run the length of the micro mouldmg (7) providing the final ink 
feed into the MEMJET™ print nozzles. 



10 



15 



20 



25 
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The design of the micro mouldiiig (7) allows for a physical overlap of the 
MEMJET™ chips (3) when the modules (2) are mounted adjacent one another. Became 
the printhead modules (2) foim a continuous strip with a generous tolerance, they can be 
electronically adjusted to produce a continuous print pattern, ra&er than raying on very 
5 close tolerance mouldings and exotic materials to perform the same function. According 
to this embodiment, the printing chips (3) are 21 mm long but are angled such that they 
provide a printing widfli of 2033 mm 

The micro moulding (7) fits inside the cover moulding (8) where it bonds onto a 
set of vertically extending ribs. The cover moulding (8) is a two shot precision injection 
moulding that combines an injected hard plastic body with soft elastomeric sealing 
coUars at the inlet to each ink chamber defined within the module. 

Four snap-lock barbs (15) mate with the outer surface of the mk reservoir (4) 
which acts as an extension of metal chassis (1). The ink funnels (5) sealingly engage 
with the elastomeric collars (14). 

The modular design conveniently aflows the MEMJET™ printhead modules (2) to 
be removably snap-locked onto the ink reservoir (4). Accurate aUgnment of the 
MEMJET™ chip (3) with respect to the metal chassis is not necessary as a complete 
modular printhead will undergo digital adjustment of each chip (3) during final quality 
assurance testing. 

The TAB fihn (6) for each module (2) interfaces with the flex PCB (11) and the 
busbars (11) as it is cUpped onto the mk reservoir (4). To disengage a MEMJET™ 
printhead module (2) the snap-lock barbs (15) may be configured for release upon the 
appUcation of sufficient force by the user. Alternatively, the snap-lock barbs (15) can be 
configured for a more positive engagement with the ink reservoir (4) such that a 
customised tool (not shown) is required for disengagement of the module. 

The invention has been described herein by way of exanq>le only and skilled 
wodcets m this field will readUy recognise many variations and modifications which do 
not depart from the spirit and scope of the broad inv«itive concept 
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CLAIMS:- 

1. A modular piinthead for a inkjet printer, the modular printhead including: 
a support frame; 

a plurality of printhead modules mounted to the support frame, each module 
5 having an elongate array of ink nozzles extending substantially linearly across the width 
of the module such that there is overlap between the elongate arrays of adjacent modules 
with respect to the direction of paper movemmt; wherein, 

the modules aie arranged such that a jBrst side of each of the nozzle arrays faces 
toward a first side of the support fi:ame; such that, 
10 the respective first sides of predominantly all of the nozzle arrays have at most 

one end portion obscured from the first side of the support frame by the nozzle array of 
an adjacent module. 

2. A jmodular printhead according to claim 1 wherein the respective first sides of e^ 
of the nozzle arrays have at most one end portion obscured ftom flie first side of the 

IS support ftamebythenozzlearray of an adjacent module. 

3. A modular printhead according to claim 2 whereia the modules are mounted to the 
support fiame along a substantially straigjit mounting line such that each of the elongate 
arrays extends in a direction inclined to the mounting line of the modules. 

4. A modular printhead according to claim 3 wherein the mounting line is normal to 
20 the paper direction. 

5. ^ A modular printhead according to claim 4 wherein the printhead is digitally 
controlled such that print data sent to the overlapping portions of adjacent modules is 
shared between the ink nozzles of the adjacent modules to avoid double printing of the 
same data. 

25 6. A modular printhead according to claim 5 wherein Ae digital controller starts to 
place print data with tiie nozzles in an adjacent module at the one edge of the 
overlapping portion, and ramps up the data directed to the nozzles of the adjacent 
module stochastically until all the print data is directed to the adjacent module at the 
opposing edge of the overlapping portion. 

30 7. A modular printhead according to claim 1 wherein the printhead is a pagewidth 
printhead. 
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8. A modular printhead according to claim 1 wherein the printhead modules are 
adapted to be individually removed and replaced. 

9. A modular printhead according to claim 1 wherein the printhead modules are 
adapted for sn^loddng engagement with the support ftame. 
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